sure [4] , while cytokines such as tumor necrosis factor sults from a reduction in albumin synthesis. It is not known if (TNF) and interleukin-1 (IL-1) [5, 6] have been shown this is associated with any impairment of the normal response to feeding.
to decrease synthesis. To date there have been no studies min synthesis [7] . Their estimate assumed that this sys-
Results. The increase in albumin synthesis on feeding was tem was in a steady state and, therefore, albumin syntheimpaired in HHD patients (fasting 15.0 Ϯ 1.5 vs. fed 17.7 Ϯ sis equaled the albumin catabolism plus external losses.
2.9%, P ϭ NS) compared to NHD (fasting 13.7 Ϯ 0.9 vs. fed In Kaysen's study, both fractional and absolute albumin 17.4 Ϯ 1.0%, P Ͻ 0.05) and controls (fasting 12.9 Ϯ 0.6 vs. fed synthesis rates were decreased in hypoalbuminemic pa-15.2 Ϯ 0.6%, P Ͻ 0.05). In addition, body mass index and tients. Because the technique used is derived from blood percent body fat were significantly (P Ͻ 0.05) lower in HHD (20.8 Ϯ 1.3 kg/m 2 , 23.4 Ϯ 2.0%) than NHD (26.7 Ϯ 1.3 kg/m 2 , samples taken over several days, the measurement re-33.1 Ϯ 3.2%) or controls (26.2 Ϯ 1.1 kg/m 2 , 32.6 Ϯ 1.8%).
flects a composite of both basal and feeding-induced
There was no difference in dietary protein or energy intake in albumin synthesis. It has been shown that the albumin the three groups.
fractional rate of synthesis (FSR) is increased approxi-
Conclusions. There are differences of body composition and mately twofold during a mixed glucose-amino acid meal protein metabolism in HHD patients that may be related to an impaired metabolic response to feeding.
[8], and this may contribute a significant proportion of the area under the curve for a measurement of albumin synthesis derived from the decay of I 125 albumin. In heThat a low serum albumin is associated with increased modialysis patients with a normal serum albumin, fasting morbidity and mortality in hemodialysis patients is well albumin synthesis has been measured directly from the established [1] . A low serum albumin may be a conseincorporation of 5,5,5-D 3 -l-leucine derived from a primed quence of an increase in the size of the plasma pool, inconstant infusion. While FSR was not different from creased catabolism, increased distribution into the intercontrols, the absolute synthesis rate (ASR) was signifistitial space, abnormal losses (urinary, gastrointestinal cantly greater because of an increased plasma volume or in the dialysate) or a decrease in albumin synthesis.
in the dialysis patients [9] . The aim of this study was to It has been shown that albumin synthesis is the predomiexamine whether the response of albumin synthesis to feeding in hypoalbuminemic hemodialysis patients is impaired. Albumin fractional synthesis rates were mea-meal induced albumin synthesis in hypoalbuminemic hemodialysis patients.
 2002 by the International Society of Nephrology . tients was greater than 60% on entering the study and was maintained constant. Hypoalbuminemia was defined Isotope infusions as a mean serum albumin less than or equal to 36 g/L On the day of each isotope infusion, subjects were adand normoalbuminemia as a mean serum albumin of mitted to an outpatient investigation unit after an overgreater than or equal to 40 g/L during the previous three night fast. At 8:00 am a cannula (18G Vasculon; Viggomonths. None of the patients had significant proteinuria.
Spectrometer, Sweden) was placed retrogradely in a Subjects with chronic inflammatory conditions and hedorsal hand vein for blood sampling. The patient's hand patic or neoplastic disease were excluded from the study.
was then placed in a heated chamber, maintained at Dietary prescription for all HD patients included appro-60ЊC, to allow sampling of arterialized blood. A second priate phosphate and potassium restrictions and routine cannula (18G Venflon; Viggo-Spectrometer) was placed guidance on protein and calorie requirements (1.2 g/kg/ antegradely into a vein on the contralateral arm for isoday protein, 35 kcal/kg/day). tope infusion. Both cannulae were placed under local Written informed consent was obtained from each anesthetic (1% Lignocaine). Arterialized blood samples subject. The experimental protocol was approved by the were collected at Ϫ15, Ϫ10 and Ϫ5 minutes before the South Tees Research Ethics Committee.
infusion of L-[1- were also taken for the measurement of bicarbonate, Promochem (Welwyn Garden City, Herts, UK), diluted glucose, albumin and C-reactive protein (CRP) before with normal saline under sterile conditions in the Pharthe start of each isotope infusion. During both the fasting macy Manufacturing Department of the Royal Victoria and fed study samples were taken for the measurement Infirmary (Newcastle-upon-Tyne, UK), and tested for of insulin before (basal) and during (120, 180, 240 and sterility and pyrogenicity. 300 min) feeding (fed).
Experimental design
A priming dose of L-[1-
13
C]leucine (0.9 mg/kg) was administered followed by a six-hour constant rate inEach subject underwent a primed constant infusion of L-[1- . that isotopic equilibrium had been achieved were that (a) the CV of the points used were less than 5% and (b)
Statistical analysis that the slope of a linear regression line through the Values are reported as means Ϯ SE and analyzed using points was not significantly different from zero.
analysis of variance (ANOVA). The values for albumin, CRP and bicarbonate are the means of the results from Albumin isolation and purification both the fasting and the fed study. The fed insulin values Albumin was isolated from plasma samples by alcohol are the means of the values at 120, 180, 240 and 300 min-10% trichloroacetic acid (TCA) extraction. Free leucine utes. Differences were considered significant if P Ͻ 0.05. contaminating albumin was removed through a series of washing procedures using TCA. The purity of isolated RESULTS albumin was confirmed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE); a single Albumin, CRP, insulin, glucose and bicarbonate band at molecular weight 65,000 Daltons on silver stainSerum albumin measured on the day of study was siging confirmed pure albumin [14] .
nificantly (P Ͻ 0.05) lower in HHD patients (33 Ϯ 2 Albumin was hydrolyzed by incubation in 6 mol/L g/L) than in both NHD patients (43 Ϯ 1 g/L) and controls HCl for 18 hours at 110ЊC and dried under nitrogen.
(43 Ϯ 1 g/L). C-reactive protein was significantly (P Ͻ N-acetyl propyl (NAP) derivatives of the constituent 0.05) higher in both groups of HD patients (HHD 5.6 Ϯ amino acids were created and injected onto a gas chro-2.1 mg/l, NHD 13.0 Ϯ 7.1 mg/l) than in controls (1.0 Ϯ matograph (Hewlett Packard 960; Hewlett Packard, Palo 0.5 mg/l). There was, however, no significant difference Alto, CA, USA). The separated amino acids were carried between the two groups of HD patients. Basal blood directly to a combustion furnace maintained at 800ЊC glucose concentrations on the day of the fed study were where combustion to CO 2 and water occurred. The CO 2 not significantly different in the three groups (HHD derived from leucine was directed to an isotope ratio mass 4.1 Ϯ 0.7, NHD 3.6 Ϯ 0.2, control 4.0 Ϯ 0.2 mmol/L). spectrometer to determine the Fat free mass and FFMI were not significantly different between groups, but there was a trend for them to be lower in HD patients, lowest in the hypoalbuminemic group.
Dietary intake
There were no significant differences between the groups in either protein or energy intake (Table 3 ). This applied whether the values were corrected for actual body weight, fat free mass or ideal body weight.
Fractional albumin synthesis rates

Fig. 1. Fasting () and fed ( ) albumin fractional synthesis rates
Feeding was associated with a significant increase in (FSR) in hypoalbuminemic hemodialysis patients (HHD), normoalalbumin FSR in NHD patients (fasting 13.7 Ϯ 0.9 vs. fed buminemic hemodialysis patients (NHD) and controls.
17.4 Ϯ 1.0%, P Ͻ 0.05) and controls (fasting 12.9 Ϯ 0.6 vs. fed 15.2 Ϯ 0.6%, P Ͻ 0.05; Fig. 1 ). There was no significant change in albumin FSR on feeding in the tients with hypoalbuminemia. However, there was no HHD patients (fasting 15.0 Ϯ 1.5 vs. fed 17.7 Ϯ 2.9%, significant difference between the three groups in albu-P ϭ NS). There were no differences between the three min FSR in either the fasting or fed state. CRP levels groups in mean albumin FSR in either the postabsorptive were significantly higher in both groups of patients comor the fed state.
pared to controls, but there was no difference between the hypoalbuminemic and normoalbuminemic patients.
Leucine flux
Anthropometric measurements showed that BMI and The rate of appearance of leucine from protein degrapercent body fat was significantly lower in the hypoaldation (PD) was significantly greater in hypoalbumibuminemic patients compared to the normoalbuminemic nemic patients in the fasting state when corrected for patients and normal controls. There were no significant actual body weight (Table 4) . This difference was not differences in either dietary protein or energy intake present when corrected for fat free mass.
between the three groups. Whole body leucine flux was not significantly different from controls in the normoal-DISCUSSION buminemic patients. In the hypoalbuminemic patients it was significantly greater when corrected for actual body The results document that the normal increase in albumin synthesis seen with feeding is impaired in HD paweight, but this difference was not present when cor- rected for fat free mass. This study did not take into ference between albumin turnover and extracorporeal losses of albumin (urine and dialysate). However, albuaccount removal of leucine from the splanchnic bed in our calculation of protein degradation, because we were min synthesis rates are in a dynamic state with increases particularly associated with feeding. In humans, ininterested in the response between groups rather than the absolute response. Of course this assumes that there creases in albumin FSR of 18% [14] and 48% [8] have been reported, while in the pig increases of approxiwas no difference in the removal of leucine by the splanchnic bed between the three groups of subjects.
mately 30% have been demonstrated [20] . Differences in albumin synthesis rates measured with [
125 I] human A major strength of this study is that we have been able to measure not only albumin synthesis, but also albumin therefore may be due to changes in either basal or feeding induced albumin synthesis. The aim of our undertake a comprehensive nutritional assessment in three well-matched groups of subjects. To our knowlstudy was to measure both components of composite albumin synthesis. Albumin synthesis in the basal state edge, this is also the first study to directly measure albumin synthesis in hypoalbuminemic patients. A weakness has previously been measured directly in hemodialysis patients [9] . FSR was not different from control subjects of the study is that plasma volume was not directly measured, which would have enabled the calculation of absobut ASR was significantly greater, primarily because of an increase in the plasma albumin pool. This was secondlute albumin synthesis rates. The results of our study are also compromised by the variability in the response to ary not to a difference in serum albumin, but because the plasma volume, measured with Evans blue, was 24% feeding in the hypoalbuminemic patients. The percent increase in the fractional synthesis rate induced by feedhigher in the hemodialysis patients. In our study it is the response to feeding that is impaired in hypoalbuminemic ing in the three groups was 21% in normoalbuminemic patients, 15% in controls, and 15% in hypoalbuminemic patients, and this may be an important determinant of composite albumin synthesis. This is in contrast to cancer patients. These percentages alone might suggest that there was no impairment of feeding induced albumin cachexia where the response to feeding is maintained [21] . The absolute values for albumin FSR reported in synthesis in the hypoalbuminemic patients compared to controls, but the response to feeding in this group showed our study are higher than those reported in previous studies in both HD patients [9] and normal subjects [8] . a substantially greater variability than in the two other groups. The mean difference between FSR in the fasting We presume that this represents different study populations and analytical techniques, but it does emphasize and fed state in the hypoalbuminemic groups was 2.7% per day. To detect such a difference at a two-sided sigthe importance of using appropriate control groups in these types of studies. nificance level of 0.05 with a power of 80% at least 98 subjects would have to be studied.
The anthropometric data from our study clearly show a difference in body composition of the hypoalbumiOnly one previous study has been published in which albumin synthesis was measured in hypoalbuminemic nemic patients characterized by a BMI at the lower end of the normal range and a lower body fat. There was hemodialysis patients [7] . In that study albumin synthesis rates were determined from the kinetics of a single intraalso a trend for the lean body mass, represented by the fat free mass index, to be lower. It is unlikely that these venous dose of [ 125 I] human albumin. The plasma radioactivity disappearance curve was constructed from meachanges in body composition were secondary to dietary intake because there was no difference in either protein surements taken until plasma 125 I levels decreased to 10% of original counts; this ranged from 25 to 38 days. The or energy intake corrected for actual body weight, ideal body weight and fat free mass. These results are in keeptotal albumin turnover derived from the integration of this curve therefore reflects a composite of albumin ing with the recent suggestion that there are two types of malnutrition seen in patients with chronic renal failmetabolism. Assuming that neither the total or plasma albumin mass is changing during the period of the meaure [22] . Type 1 is characterized by loss of lean body mass, a low dietary intake and a normal serum albumin surement albumin synthesis can be calculated as the dif-factor-␣ on glucose and albumin production in primary cultures whereas type 2 is associated with a low serum albumin of rat hepatocytes. It is tempting to speculate that cytokine-induced insulin 
